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INTRODUCTION 



Because interest in body centered cubic metals other 
than iron is relatively recent, the first theories on the 
mechanical behavior of this group of metals were based on 
work done with iron. Cottrell and Bilby (l) reasoned that 
the yield point of iron exhibits a strong temperature de- 
pendence at low temperatures because impurity atoms are 
attracted to dislocations, thereby lowering the strain 
energy of the system. In effect then, each dislocation is 
surrounded by a cloud of impurity atoms which tend to lock 
it in place. In order to move, the dislocation requires a 
much larger stress than if it were free of its interstitial 
atmosphere. Thus, when a stress is applied, the disloca- 
tion must either break away from the impurity atoms which 
are blocking its movement or carry them with it. Since the 
movement of the impurity atoms is diffusion-controlled 
(very slow), the applied stress builds up until it is high 
enough to break the dislocation away from its interstitial 
atmosphere. The free dislocation begins moving and inter- 
acts with other dislocations, freeing them and resulting 
in a catastrophic process which, in turn, propagates 
Luders bands. This was thought to explain, completely, the 

(l) A. H. Cottrell, B. A. Bilby, Proceedings of the 
Physical Society , vol. A62, 49 (1949). 
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yielding process in oc-iron. Later experimental work with 
iron seemed to agree with this theory. 
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Other work on polycrystalline iron concentrated on 
the effect of grain size on the lower yield stress. It was 
found that the lower yield stress, varies according 

to the equation: 

= 6 ±* Kyd-t (1) 

Where <6^ is a lattice friction stress which impedes dislo- 
cation motion, d is the grain diameter, and Ky is a constant 
related to the stress, ^ D , which is required to free locked 
dislocations. (1, 2) Interpretation of this equation by 
Cottrell (3) and Petch (4) explained that dislocations pres- 
ent in a crystal can probably move at a stress much smaller 
than the yield stress until they reach a grain boundary. 

On glide planes which contain a Prank-Read source, multi- 
plication will take place until interactions between dis- 
locations within the accumulation at the grain boundary 
cause the multiplication to stop for the value of stress 
being applied at that time. These accumulations, or pile- 
ups, then remain until the stress fields ahead of them are 
able to operate dislocation sources in adjacent grains. 



(1) N. J. Petch, Journal of the Iron and Steel In - 
stitute . vol. 174, 25 (1953)'. 

(2) J. Heslop and N. J. Petch, Philo soohi cal Maga - 
zine . vol. 1, 866 (1936). 

(3) A. H. Cottrell, AIME Transactions , vol. 212, 

192 (1958). 

(4) N. J. Petch, Progress in Metal Physics , vol. 5, 
1 (1954). 
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This would mean that the lattice friction stress, im- 

pedes the individual dislocations in the pile-ups, Heslop 
and Petch (1) showed that <£ y is made up of two parts; 
^il(T), which is dependent only on temperature, and <^i2(st), 
which is a function of structural imperfections, such as 
interstitials. This hypothesis again was supported by fur- 
ther experimental work with iron, though it did lead to 
some doubt as to the dominating role of interstitial 
atmospheres. 

With the increased interest in refractory metals 
during the last decade, it was natural to assume that they 
would obey the rules which had been found to govern the 
mechanical behavior of iron. With the increased testing 
of the other b.c.c. metals, however, several discrepancies 
were found. Tests made on niobium (columbium) (2) and 
molybdenum (3) showed that, for these metals, the fric- 
tional stress, and not the unlocking stress, is 

responsible for the temperature dependence of the yield 
strength. Further tests on iron (4) showed that the lower 
yield stress, ^ py, the flow stress, and the fric- 
tional stress, all exhibit the same temperature 

(1) J. Heslop, N. J. Petch, Philosophical Magazine , 
vol. 1, 866 (1956). 

(2) M. A. Adams, A. C. Roberts, R. E. Smallman, 

Acta Metallurglca . vol. 8, 328 (i960). 

(3) A. A. Johnson, Philosophical Magazine , vol. 4, 

194 (1959). 

(4) H. Conrad, G. Schoeck, Acta Me tallurglca . vol. 

8, 791 (I960). 
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dependence. This indicates that the unlocking of pinned 
dislocations (yield), the movement of unpinned dislocations 
(flow), and the resistance to movement of free dislocations 
(lattice friction) are all controlled by the same process. 
Thus, dislocation locking would seem to be ruled out as the 
controlling influence in the yielding of b.c.c. metals. 
However, later work by Lawley, Van den Sype, and Maddin (1) 
shows a definite effect of impurities on the temperature 
dependence of the yield and flow stress in molybdenum. 

Prom this it would seem that at least a portion of the 
temperature dependence of the mechanical properties in 
b.c.c. metals is due to impurities. 

Along with the vast amount of experimental findings 
to appear in recent years, several other possible explana- 
tions for the temperature dependence have been advanced. 

Heslop and Petch (2) have suggested that the frictional 
stress is due to a large Peierls-Nabarro force while 
Schoeck (3) proposes that thermally activated jogs in 
screw dislocations are responsible. Johnson (4) has pro- 
posed a revised model for deformation and fracture in b.c.c. 
metals. In it, represents the lower yield stress of a 

single crystal. It is dependent on the frictional stress, 

(1) A. Lawley, J. Van den Sype, R. Maddin, accepted 
for publication in AIMS Transactions (1962). 

(2) Heslop and Petch, op. clt . 

(3) G. Schoeck, Acta Metallurglca . vol. 9, 332 (1961). 

(4) Johnson, op. clt .. vol. 6, 177 (1961). 



